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1. 
fHE STUD'll OF' ElE:C)'FH>t.YTte filEAtTlGNS or OAGAlUC COMPGUNQS WAS l"'tRST 
AT1$:MP1'eo soo~ lt.rTCR. t:Ktt l)ISC.Ol'tRY Of Ttt£! tt..eCTllOL vsa Of WATtR. H'l l8oo. 
THESE: R&ACH ON$ V£RS JiQt uato Ui $Yti4TJU:S rs ti~? IL AtTER' 184 7 WH E:t.l KOt..St 
tH$CO\ftRE:f.l TtiAt .At.lPH,lt Ul !tY!)AQ¢1'Re.ON.$ eiGUtO tat: M.t,0¢ tY ta£. Et.tCTROt.YSJS 
or T'~t $AL'f$ Of' .. l.l PHATtC AC• t>$. TNE , f El.~ WAS <iR~ATL.:\' tNCli.t:AStt> $1 NCE: 
lHe:N, •No .,. ts NOW POS$UH..< 70 (:AAAY our $Yltl'~tsts av El..ECTR01.,.YHC Rt:: ... 
DVC:'ffON:, OXfOA.TION_. C~'UtQOfe eou;.1.tNG1 •~<>IH.C COUP:LJNG1 ~ND $UBS1TTUTIQN. 
Jr WA$ 'tfflt PURP'0$f1; er Tan. i#'()tlK TO •ttEMPT QN~ M• no KO\..et REACTION 
AND AWAl.¥ZE IT$ Pft00UCT$ l:tUAit.t1'4'UVl!l.Y NOT !il:tANrtT•TtYEL.Y. IF TIME P£.R .. 
Mt1'ttl);11 "UAN'l'fTAT tVE ANA!.. Y$£$ WOUl..D ee;; ATTEMPT~!)~ 
fHE K04.Se:, ti..,tcteor.. YS. &.- AS WAS i3£tN P~.£V I 0USt. y llf£NT t ONED1 's t1Q'J' A 
N(W P~OCt$S) B\#t' MO't¢: ttt'f'(t1f&t fWQUUUl$ UlTO Ttlt MATUA~ OV 'tijf,; $¥N.THtSt$ 
HAYE ~EtN: MAOt QIH't't RtC::tNl'L v. As • £J:A'St$ tOR l'tl~ UNOtQS:TANO· I NG or TH.E 
.l(Ot.t3E RE:A:C1'tON$, Q., W. TMJES$t';N {10) l!IAS WRtTT\Ul. Alt EXCELLENT PAPER, Tttt 
El•MiH c fA~T$, or \fl!f.fCH Wft.l. it ,,,u::OR~Q.Qt\T'~O fM T'lif $ PAPtR. lHtE$S~~ SETS 
DO~N t1'4 iH$ PAPER: tHRtt SA'S:IC TKtOAli$ WlUCK ARt $AU> ro AC:i:OUN'J' fOR THE 
Rt4ct1ow·s. 
T~~ TIR&'t •Or 'fft£S!;. 1'ff£0RtE$ $TAttS 1·"£ HYDilOGEN P~ROXlDt,, F'Offt-tEP av 
THE (t,.~tfROLY$U~ ()f Wlti.A, REAC't$ WU'M tHt RCC>eH o~ {RCOO""), 11'$ ION, to 
PRObl:JCE! 1'M£ DE:$Htl!li> PAOO~'f$~ AnonttR TlftORV l$ tMAT 0)(.YG£N llMNSFERRE~ 
f'ffOM TH£ At+Ol)E, to l'~t ACU) PROOVtE:S 'rH£ QUIP.¢!) PROb~IJCTs:' Tt:!!; r:r~'"' 
rtu:oRY, W+ffCtl $££MS T''Q $£ TM!. U()$T LIKElYt t$ TH-'1' tKt f"RS:E ·RADICAL RCOO·, 
FOftM!O SY £1..;Ei:CTRON RtMOVAL FROM Tlit ACJD ION RCOO"", COMES P'fflSl~ R• 1$ 
FORM£{) Ne:XT 61' l..OS.S or COg A:N:D f'Vll1'ii£R RltACT.S TO FOAM 'rHt PRODUCTS. 
T+u: OPTIMUM 'oNOJTH>~$ .f"OJ"t 0P~tu.11ow AS $VGG.esn:t> Erv tffttsstN ~RE 
Ml t'OL'-OW'S:: 
A) itlE ANQO£ $HOWLP tit OP ~MQ'OT·ff PLATlffVM. 
e) tHI!: T~MP£.RA'1'URE GHOWl.D SE LOW .• 
c] THE CO:lll'C£NfRA'fl01'$ Of' iH£ fU'.AC1'AN'rS $1iQUl,.D $E WtGllt. 
J)) Tttf: fRtE: AC H> $HOUt.O ee f.N: £KClt&$" 
e) THt $.tii.,:r eot«ttNTR'l.T tot.i $ttovu> et :H:•GU .. 
t) TM& SVGGf;STtD VOl.'fA·GE SliOut.D SE' »<BOUT 1. 7 ro 2 VOL ra, 
EV£.W U.$JNG tff£$E CONDITIONS, ~f;AC'TIQ~$ AR£ U$U4U,.V OF \,.OW ~rflCUNcv, AND 
THE: PRODUCTS FORMEO MAY llE HARP T<J PURftY .. 
1"MAt · PRtvrnt tRt Kot.et Ac't tott: 
A) 'rfffl: UlfENO tO TYP! 
i-) THi $£'NlttltUD TVP£ 
c) l'nE 1Cttt.t'>Ml!!lC4t!fOH> tl'Pe:. 
l~t tt&:LATJ\'f.: ct>R-tlfl:Jt Qlt S'Ntt.WG'flf OF' THt$t tNffl.11.'U:!NS tS Sf!NZENQH) ')> 
ll 
C'tC~OftiltA.NO • Ot E'flitNOI e, 
THtSS t-Htn::e:. tNJUliUt f.()fll$ NAVt $1!:£N STU0,'£0 Hit GRt;A"f i>ET4H, BY tu. .. ¥ M£K 
OOR:lfitG tM¢Si PA$T n;AJHJ,. 8, £, CO.NWA'Y ANP M. C'l J se ft.ICM (2) K4Vi NAOE: CAIU:• 
'VL S'Tutnt.$ OF tffe t:tH(N(>U:) 0JtU61T fON<$.. llf!Y RAVt •t..so STUDl(D Tl-ft trraeT 
OF t)fFtER&:.)11' liillU)IA tN VtttCtl 1'fi¥! l(OJ.;ilt t:t..iCTRO\.''tSfS IS RUN,.. AN E:ICAMPLE 0,. 
' 
l~ TRtYL\ll)RAC:ETIC ,\¢fl)J 1' DE.CAft90k'tt.l\.l'IQlt AND COU.PLtlllG RtACl'ION1 Ytt:l.l>JNG 
ff£XAf't.URO£'J'ffAN.&;. f':ROM Tl:IEt~ OATA n Kil$ aea:fil $HOWN T .. A.1' bE¢4Rf!IOXYt..AT10NS 
Tn 1 s aa:iau1i.·r M•a etE;N vtR 1 n eo ev fLovo RAwt. uuas, GARRiTT TthH S$E.H •wo 
0£AN Pitfi:RSG:N Hit 'rttt.JR Rte&r.ir PA.Pt:!R ON fHt lYCt.OtfUAff~•D INfilUUno~ (9). 
P~fAS$'11JM C.VCL:O ... EXA'l£ CARSikVt..A:'tt •ND UtH«MHUTeo PQT.S.SJOM 4C:&"f'ATlt WERE 
ee~IHNEO JN 'WAtiR 41' VARIOU:$ C'ONCeNTRA.1'tON$. AFTltft l.L'&C.TROt,,'¥'$fS HAO ae:tN 
¢0Mi>\.f:TE1:>t A i.l.Q:MT YEt.l.OW. Y1 SCQU3 (HI., WA$ YORMto. f,OE;NT JYlCH I Ott OF' THE 
CQMPqNE.~l' " Of tME on. BY V4POR .. PH4Se CHROMQTOGR~PHY ANO INtRA•&EO $P£C• 
1ROSCO?'t1 AND Iii¥ PttYS1(AI. PfrOPtrnnt$ {Pou,..HI$ PQHH:a rnni;:x Of' REf'R4CTtoN, 
tlt,) \tAS MAD£, AND CON$U'OltlltTS VtRE rouno TO si: 
A) <;"i'CLOHi£XANt (R ... H) 
a) METHVl..C'i( 1..0tU~ln:;iit (R'-A') 
t) cYet.Ofi(~ANOl,, (~ ... OH) 
o) C VQLOWtX'l",t. ACUAT' (CN3COOR*) 
g) Ot:CV'Cl.Ott£XYL (R"\~) 
r) C¥.Cf..OH.£:Xt\N.OM~ (ROH ... 2H} 
'fr t:s $.l:JPPO$t:O 'l'HA? TtttSt Pft(l.DU(:T$ W£~a ro~~e:o S'' 'ff,tE MlttliAN I aM PROP-OSEP. 
l'N Tlie:: Tl-HF\D 'rl'ltO'AV 'THA"i' WA$: MENifOff£1) PQEVIOUSt.Y, (• .. E~, SY tact ltAtllCf.1,.$ 
C()MfHIONQ Ollf "6$T~At'HNG NVD:f'IOGE:N Off OlJ1¥QE:N}. As A SIO!i: NO'Tti 'THE GASE:.S 
A ME.THOU ()F' a.en fN~ AROUND TM ts tn rF' JCUt. TY tf,\$ atEN '~H.IGGE$TED ev 
f' • fh~,HT~R (4), 9¥ CH'AW(UNG 11'.Wt $01..VtNT FROM IJ41't~ 't0 fi4,£lHANO\. .. WAltR, TO 
ilifA1l' PART qtr OfU)AtUC tNVOt..VJNQ CARDOX1fLH~ Aeros OR t~UR £STttiS. FOR 
t:XAMP.L.'ES,, TH& SOOK av t..outS Mei'tU (7} ON Tl11! U$£ OF' POl;.A~OGRAf>ttV OEAt.S 
OR~AfUC 4NO ruucnonAt.. COMPOUND.$ Bf.SIDES CAR&O•¥t.tt AC-Hl~.. J. A. 8UTL£R ( l) 
Hit HJf f:IQOK CHSCU$SES VAIHGU.S fltAt':.TfON MECHAttiSMS T}.141' TAKE Pt.ACE: t.T 1'H£ 
MARRV P. Scwuuz: (8) atctRT4Y l>et..VtP urro Ttt:t 1tl.e:c1RoL¥'HC REOlJCt tow. OF 
ORQA.l'UC C:OUPQUND$, iN 4Lt T~tt~ 1ffS.1ANt.£$,: l'ME ~t•tl'IONS Atl!O THto~tE$ 
Cl.AN ac: litt.4Ttl:> rn $01i4t, MAUNER TO 1Ht$ llOltK,1, l\H,l,T TJt.fi:Ul $f>ECfttc t:XPE:Rt ... 
MetiT~ A-Rt Q.UtTt uu·rtft(f!IT.. )N nus W4Y TH£Y ffJt..,E $0ME'. iWl'tt\ESt to READERS: 
C:ONCl!:ANl::O WITH Ttt£ DAC.l(~ROUND ro~ T.JUS nn;:St$., 
6. 
1't1i:: txP!tR lMlrJl.rt'•t. ()A'l'A OP" r:t-qs PAPt"R HA$' •tt'N lH\f H)!U) rnto TNREE 
PART$. fJ;tlt. FtRSt rwo PART$ QS'.A.LtNG l1fftlt tftE PRl:tPA!'U~'tH)N ()F THE TWO 
~UC"l'ANT$" AMO tt-tf! tl·HRO PAitT O~M .. fNG wnw. tHt 'lECTR'Ot.VS1S t.T&Elt • 
. PARt t f>REPAftA'.t'iON QF MON<>..fTttVL GLUT~AA'l'F: (Clf500C•(Cl-tz) 
3,.. 
(OOH) 
to 114 $MS., (f 140£.E) OF C&.l.t.l'fARtC Atm'l"OIU'Ot.t 150 Ml. Qt l.S"SOUftt 
E1'lil~N0,1., WAS AOOtP,t •ANO 'tlH! sot.unQN ~t"TE'.~ JH(J'R()U(,{H. MO(tNG VIAS i\LlOWCD 1'0 
Sl'AWD ron. t.itt(tll:,. ht Tats tWA.¥ tUE Ctt.AltCt$ (Jf" AtltY AlH\'DR101t RtMAJ~ING OU't 
Of" ~QLIJ'TfOtt \:/tfU~ wt.t11!JM.IZE'.D. f:tf.~ ~e$Ot.TANT MJl<Tti1tn: WAS 1'HltN AODED to lOO Mt.. 
Of' 'tTUtll AND PUT JN A ~rtPA.RATORY fUt>JN£1.,., APPROXtM~l'tLV 5% $OlHUM HYOROXfOt 
\!IA$ TfiSN #.OO!tt): Ha SU. 25 ML~ JiltQ'UO'fS \N esosa TO T.tlt.E OP 'tHt HAt.1,..ESTERS 
AN() 1'WE fH •AC f I) 'THI. T SHOt.H •. Q lifAV e $1,ttl't , ORME:D rn 'fttE t N rr 0.1. .fl u:e·n ON. twt 
4QU20U:$ ·L..\Y.&:.ff' Ii/Al Otl4VN orr &~CK TUt~ At:tlf> f'QUN" ·to et •<:HHC fNOtCATtNG 
tM~ 'Pft~$&NCE. or "rt!! Q:iS'tRtD ttAt.Y ae.ao. NP TR.Act ();' ltltl:i:$$ $4St WA$ AS YET 
roult!> .. A 30 »t.... 4t.1Qucr er ~QH VA$ tlil;:tt 4Qt)to.. T•t t?oL."Tt()N tnv1or;:o VP 
fNtQ. TWO ou;~tU1¢l' t,.A,'t.G:&S. r .. t TOP ONt tQNTAHlOlG £Tl:IE~ AND OfS.$Ot..Vtb 
~NWYDft U>t W~$ P•it vu.t.aw. TWt eO'f'tOM ONE W4$ ~tlt..OfU..t:ss. As A S.t.MJ?t.lt 
tt$"f 30 Ml;.. MQfU; or ·$.Ot:HUM W'IQRO~H:P£ 'Wli$ P\..4CE0 H4 Tltt FtlttNt·L ANO (.lfiitt.,£ 
4GMN t»e. a&.$0'LVJN(a HU'.() rwo '1..4VlR$ T09tt Pt..f.Ct ts1Jt ~OT A$ ·OJITJ-NC'flV A$ 
&t:f"t)Rf;;., tH T*'l$ £.KTftAC'ff.ON TH~ $Ot..Ut U;>lll ORAtti£'1 Of"F WAij At HHC~ Ai'Ttff 
snt Qfl $iVltH ot ·tfft:S~ S:XTRACTl®$ '!fHC. ttlitft LAVtFt s..,ovi..v QecAM' Ct.U.R 4NO 
'tft£ UlS:t&C'f'fO~. '$Q\,J,t:t10N tl~CA~t: :SASHi,. 
THE f.QU&QU$ tllT~.\Ct etntG, \'IAStc,, WAS NO~ AClt>H"fEI) wnn OH.UTE: HC1 tc 
" f<'H QV 1-a. 1'10$ $0J..UT*ON (;OblYAHONGc 1'tl~ MQ~J) ... ESTE'.R AND l:H ... 4t tD \IA.$ ~x ... 
Tft~Tt.O $ t¥ T 'ME$ wrtw 30 ..ir...~ AL i ~I.JOT$ OF tTwta H+ o~t>lR lO t'TJttft•EX'tRAO't 
7. 
ltd: Mf)W~•~D"TtR~ fKllt ltlf£R: 1lO'-UTtOti&- W.A$ l'Kl?N f'lt.l't Et) TtfROWOH: AclUiYPRQU& 
Ni\25G4 '4t-t0 tttt~i OUtl'tt.l.iO., At' t57<> • ttt0Q¢ A ,A\.E: Y~Lt.OW l,..tQUtD CAMt OV£Q .MID 
w4·a COU(tl'&&.. . 1'i«t l'(tT~t. AMOUNT ecn .. t..CCTtO WJHGtttO 60~o6 $.t.d~ A Ntt#TAlt.. u .... 
'', 
MA1'¢Rl4t. "1A$ Tff~._,£0 WIT1' •. iH9 N $0.t>JtlM fft~~O)Jt.O~~ U$f\ftl: PlftNOl.Pt*THA\.tHA 
TH»A tQf.ltVAl.Dl'r WA$ fUJJ!i ()tt noa $,&llANc£.. A 1.0216 GM,fi S4MPt.( ~, l'IH8 
'"".• 
AS u · .rnr.ueA'tM'" l'i*1; S•t-tPt_.t HQtHttEQ 29.39 Ml..~ w- S(lotv.w *4¥oao.1ucat.. As 4 
cW,E_~,r, •NOTH£- :&4&1Pt.a \ffi:.f$• ft!I~ h1G4G~ Gft$., W.$ fnRA"FEO Wf'tll IJ'RE:·, S4Nt BU.t 
ANO Ull>ICATQft ANC> rn:c:luH'•~t> 30. 18 Mt.~ Off NAOU., 6S\.W AfUI eAt.CU\.A'l'tQNSi 
' . 
. ·~ . f<m t. .. Qet8 GM$~ or $i!QN~lttlvt. G'LU'tAA•·n: (~16o) 
(\#<11..U:MI) 7' ( .. OtU!AUYV) = f.ht,.t.J&<ltllVAJ,..ll!f'fS 
{29"'39 M~J X (,2'19 N) @ 6,43 MEQ~ 
f4oLtC~Afl Wf .; ,1•ll!~' le l~ ~ t58.8 
8. foR l.0~ G:M" 01' MO'~O..,E:lHYL Gt,,U'fARAlt (t~~160} 
(VoLUMt) x (MoRM>.t.nY) • Mtlltf.QVtVA\f;~TS 
(30. 18 ML} x c .. i19N)::;; Mu. ... t.ttQIJtVA!.EN'T·S ('·'o) 
MoLe:cu:i.A~ wr. = 1g~f.1._ · . ., , irn: 
-r - ... 1000 = 1p.,fl 
AVtRABt * » 15$115 
!fl PU« t f¥ ill 1sa.•f5 ·· 'H'il"\ 9n M. ll 11 . ~ X ·~ m 1#~ PURI 
1'ttE SOt~HifO POINT A$ txtf'QR·re,p SY /Ii HANOB()(m (5) ts 160° ... 165"e. 
to At'U'.MPT 10 YtJHFY T~e FACT t\uftf::l.tr.R tttv.JtaAi. Sp.t SAt-tPt.E lUffl$ wt:Rt MAI)~ 
C>ff Tttit V.i'POR•PHA$t C~OMA.TOGfU•P.... 'TflE lf£t..N11t f\,..QW R•TE: WA& J.OJ'V$1'£0 1'"1(> 
t,1fU'I$ ON THt Pt::RKlNS ANO tLM!R (;<}MPl\tlY n.o.w Miti.>ft ~,, '.tlt& Pitt$$VRC J TffE 
Jrt$fRtJMtNT WA$ 10 POUNOS OViR 1 AtllfQSPlt~Rt. 'fttE RiC<latHNB YO ... T..AQ& WA$ 
7.95 V()LT.S. Ttte: t~MPtRATUU: WAS !lt:T l' 165°c V:$Ulc.l A (P~•OMO. ANO f;:\.,M:U 
8. 
COMPAMY) "R'1 ccu.uii.m. Ar THt euo OF OH£ IU~UTE: ,,, SMAU. A<H~ PUK \-/AS £VH)E'.#T. 
A~ 3 ,r.tJt~uro: • P(At< (>r 46 x a ,C:,4M£ orr. AT 5 MfJ!lUl£S • $'.TftONCtR Plr:AR or 
60 • 2a ¢AME QVF, t'ttE» l\T Q ,MlNJ.t'rtS A WID!: $PA~AO Pt.AK fJSCld4E iVlt>Et>tT., 
IUtH~~ TO 3Q • 1 l.liUT tlCT!Nl)ftJ4 OVEh 4 C'ON$fll£R4&Lt A;RU. raott SUtC'ft$$1VC 
-~s ON: SA.MP\.~$ V.Aalf tJ\it~ tHt 1'ATCft AND fntAWQ(. (Oi1f~ttJ'fft:A'"tfQl14',t TWO or 'f'HE. 
1"\¢.:K$ W~RE UltNi' Ir t tt> A 'WATi.'ft Mfn fi:'rffANet. ~ °fM:t 3 ~11\lU:Tt P'C.M< WA$ TAtUlN 
TO- &t ACET()t.tt ~«AU4( tln: $YB.JNtt WA$ fNS£() O\IT Wt"rll ff t:ACH tOtt. TM£ 
5 Mt~Ul'( :PtM( WAS tfMffOt..t· 4ND TH:£ 6 MUl\JT( Pt»\l(f W~'rt;t\,. Q(PROl>UCHHt..ltY 
"' !ftUi CfJRQM4TQf'IRAMS 1'A$ VAft f,A,;$1.t.. ti.u: Pao&;>u:cr WA$ A~$UMeD TO &£ Ttt£ OE• 
$tRtD MONo.-UH'V\ Ol.Wl"~l\tAtE, OH, '" ••~ff'- ot Pr.Ht.ING f'OtN'f •.ffO l'lJEUTft4l.U1lt fOl)t 
tQVlVAl,.,(N:T A~ON'E• 
t:o 1~ eMS. {t l'«)""() ~ ·Ot ... nJ:tn ~~•Tt; 4o GM$. or $OPIUM KYDRO}(tDe, 
60 M\.11 or 95% ,£'fN.l-N~ AWO lQQ "1Lc1< or \/Atta W£1tt;. ADQC't)_. ANO THE MIXTUR!: WA$ 
Stfl,1i1Xt0 toa TWD 'f'O 1'~tt HOlHUh fwt MUttXtt: l'ff£t.f EPARATED JNTO TWO \,.AYttlS,, 
ON'C A'll.UtOV& AND QN( ALt<»tOt.t¢.. Tttit .liOU~<HJl\ UY(R WAS 0RA-{t)1.etD OPF AMI) PUT 
A.Sl.D't* Tttt .. "~O*fO\.lC ~Vtll \14.$: P1$l'•t.t..tO ,., ao0 ... 90.0c. A~Q Tlt(N ftESIDU( 
'L£f1' •Fl'Efl ottt tl!.:i:.An~nl w•s l?.JftftACl'tO WfTQ ioo Mt. .. OF t'TH£8 A.NO 25 'M&.. OF 
to.% $Q:HU~ fHCAf<POti41'£ SOLUTtQtt. Ttit £."ttU';f WA& ()Met M'iAfN at-J:XT~A,l£1) 
ltfJH fl5 Mt.11 .QF 'UUI iltt•runm4T~,.. llJitN; tJitf: A.Q,Uf:Otlft l.AiYlR, \iili!Cff ftiO if¢£N P¥T 
'ASH.>~, WA'$ fQD&Q 'f-0, ,...  fH~ARf1.0N•1't: $Qt.UT ION., Ttn New $(!tUTU:Jt~ WA$ c•ttt:• 
·tU,\.\,"f A'¢J:Qtf'HU> TO A Ptt or i, ... 2 ,~lTH Dtt.Vl't Ket.. TM~ It WA:& tJCTR4C'ftQ Wil'li 
30 ,f>!lt.; • .4f...fQtlOT ¢1 '1'Kf!R $i:Ylt'R4t. T .t MtUt T'O MAKE $VRt tff4f At.I.. THE MOHO•tSTtR 
WOIJ\..t) S& T:Ai<.Et'4 '1P. ANY MALt)fUC: A.CH) tT•E..._f' f O r•~ 'M.Ollt SOLU~G\E Hi WATER 
TM4N' f.N ~::tttt.R• (tN4~"1;t Tlii: ~~ SOl.UTlOti VA$ Pl.ACID itf • 8000 A~O Ttf£ 
(tlf'rft AJ;;(.OWtn> TO t¥4PQBATE.. Af"TtR TJ:tt ttf!lt& WA• U!HlllN ()FT, 24~ 14 <UIS .. 
OF eu.e.~n'AN¢t;. REMl.tNiO., ffftt RtFRAC:Tt~n: H~O£.)( .or THU ~-l'EtafAt. WAS r,4t(£N 
•wo -41.Jl.P TfiE eon.t.SQ PotNT, T1:1:e:v wt.it£ c&MPARtti Wl'tM T~£ VAt.ttts rouNo rN 
A it~.NOQ.90K (5)f TH' Ot!Si:RVt'Q YAt.U-£. 0, T~t :Rtf'R.ACTIYE uwtx 'tA«?N ~1'. e;0c 
W•$· 1.4251. Tat cast::av~n 8QtL1NQ POOtl VAS 143:'l ... 144°c0; 'ttu; VAL~(;· ~ 
tMW.tb ffiOM T»E 141\Nf>~(>O-t< ANtl CORR.tCT&D to TffE L,U,()tf4TOetV <;Ott0tTtOJi$ WtR!t 
L42,0 fO'R r»t l'ltr~"c.nv& niioe>t, ANO t45°c ·toR. Tltt aort..•so Pct.NT. A 
~t<.;"ttU.t.ftAT H>N t'QVtVAt.."•T or THU> 8ll~$'U.N(F. VA& .it.$0 Ru~.. A f .0245 GM. 
' $ANPt:e OF' 1Kt$ MA'rl!:IH.A\. WAS T.tT~ATE'O WITH ~ l70N SOPtt:tM MVPRo:io~t {1'1NG 
PkENql..PK\'Htd.*tlN Aljj AJ>l OUHt1U'8fh rr fl'tQVt'ltl;'.O 49.t5 w... or .BASE. 0 .. (::E 
AC.MW J. CHECK SAMPL,t:; \4A$ RUN! USH~Q '; .. £ ~Wit tNtHCAT()R Al\10 ft.ASE, 
fH.t t ¥,0223 t\M"i. $A:MPt...£ ~tauu~to 4~h to Mt.. .• ar c.M~e. Be:1:,.ow Mt TH£ 
A. tOa' 1.0245 GM .. or ~4QNO•S:'flil¥t, Mll.ONM'~ (M.'1~132) 
Not.UM£) x (NoR~.tt.fTV) .;; ••t..t.UQtn~.-1..tN"t& 
(49.25 Kl..) JC (, l'(Gtd :11 8,,372 M.tQ~ 
MoUCVl..AA W'i'~ • ·'s~1~ ;it 1000 -- 122:.2 
a. ,OR l .oaa3 l;M. OF MQtfO-OtTMYi. MAt.ON .• Tt {~132) 
(Vo4Ut!t£) ¥ .(tfORM.l\.tTY.). .. ~u .. :t;.U~QtHV4t..EN1f$ 
(49. 10 ML.~.) 1< • t70ff) o;: a.347 Ml<h 
M:Qt,,.ECU:L.JUt \j/f;f0m" :: ts~~ X lQOO i= 122.4 
~ PURt'fV c ·i;:; X 100 = 92,.41$ ''PiJ~~" 
A VAPOll""'?HAS¢ CHftOMATOG~APli WAS fUJt4 AL.$0 OM 'HHS $U-D$'1.M4CE. Tttt StTUNJi$ 
10. 
THE 'fl!:MPtRATUtfi lN 'rtttO Atll!i \M$. $ET AT 145°( • AT TME END OF 1 MtNU'f't .. 
P'~K Of" 98 l( 16 \IA$ t:fltCQW.ttR:li:O.. A;r 4 Mf'til.111£$, A PtA~ QV ·78 X 8 SHOWED UP. 
AT 19 MOU;1"1'£;$ A \U.0~ Pt.\-t( Of' 31 k l S~OWEO llP .t . SHH'-A~ Tt> THAT F"l)UND f N 
Tti£ <l'1.UtAJtAT~• f Hiltll;..._Y _, 41 )6 M.l NUl~ta, 4rfQTfV1;R WlP!l: PEAK Of" 26 l( 1 WAS 
OUT.f..fNtQ. Tt1£St P(A~· WtAit R&PfH)QUCtei.t HI TffR£E . UNS_. aur 0\JfNQ TO TH~ 
H4P.,ft n u:s lN 'fflt \$$1\lQ:\IN ttt:tY Wl:;R£ UaAUt..E: ro ~'£ i"O$t1 Pitt., y H>t.NT 0 u:o .. 
Tl't.t $:>UIK AT 4 MtNUcte:s W4$ T4K£*' TO .ciE 1·uo•L •~nATt ar RVN#lttG PURE: "Ent¥\. 
MEtA.tt AND WATC:ffl~(l f'QR HS P£:~tl.5. TKE: UHV~ ACt"TA7E Hi fiH:.J.U:V£0 TO 
Oi!C\tR l)Ut to Dt¢:NCeOX\'-t..ATH.>N. i:. T~~ fN.J:ECl'tO.N PORT OF tltt VAPOR•P A.SE 
FR"\ClO~'tt"R COt.,UMW1 W!itllt: 1"tMftQAT~Rt$ •Rt P·RQBAS._'t 10()(: tl.UUUA 1HA-N Tl:lfi:. 
(;Ol,.qMfit PttQP&lt;. MOt>JO•(tH'f.L .,,l;.Q~Ut ts Rli,'.POIUEO re OEC41iQOX.'lf'LA'if:. AT 155°c, 
' t.lt'f'L.E ~&QVt. 11~ aoo..1NG. pp.'rn7. Tl!lt PtA.K~ AT 19 MtNVTES ANt> 56 Mrnur1-s 
COULO ... VE ~aw "l'i'l:t; kONO•f:S1'£:R AfiO (>t-Att.'O R~S?tcnvti..r, 17,ll,!T TKtRt WAS. NO 
1>£fHUtt.:: VA¥ TO VtRU'Y 1'-K.4-T 4ct TiiA:i' T UtC. 
ON THE. BASt$ or TM~ $YN1'tt£TIC t.tenton, nuz. .aott.f.ttG Poun 4NO RS.rR~CTIVt 
u~1>e11C.i1 ANO 1'8.i;; UEUTa•1..UA'ftOtt ¢.'lllf'W ..... E:~r,, nu; $U.est.ANCt COl..t.ECTEO WA$ 
A.$$tif;t¢1) TO ae MOU()•Et'i*Vt. MAt,,.Qrj)\Tt'f' 
f'":"'' 
n. 
tlJ1'GRlM$ Ott .Tli'" ¥'1):\.L0\1tNG PAOtti·W:(\..I,. ft(A~ Tl:lfa OUT. ft SH<>Ut.l).St NOT£1) 
TH .. r 'f'WQ £t.£tT•ot. Y$($ '1ilf:Q£ tA~}U~P. ()Ut,. ' l'M't f"tf''$l IVl'f tNVOL'lff:tl AN: 
1'lf¢ ~FA•At\1$ FOi.\ 't~t •WtQU$ tf,:.fr¢T.Q$.VS~s,. At>ID ftG\,l~t a t$ Tlih\t l'OJI Tii!: 
OJiU;tatilfC SO!.Vitil'r f'f(.H~. :f'•G~R't c .f$ • $.£fft\li441'tC l>tlGRAf!I. Sl'WWllSI$ nnr 
("-tqTR:J(:At. e JRC1Ul'QY ·or rttt $ .. 'fit-h 
U• Tfft Atul!IJVS llU.l'f; t~. 3 'Gt\il$~ ( .oa, M~ts} or lftE NONO•ltYMY\ 
~~\JTit.•i.1"£ WlRt At~El) TO n. 7 GMS .. (.-o89 MO.l..ES) or Tf.i( MOWO-:tTMVt. M4LONATt 
80 tttA'f Ttti ta-.\1'/f'f().N tOtit'tlfnt:& ~ 178 .-~- or rn•cTPtt SUBSlAf'<IC:E.$. fHtN· 
.107 11&4.tS QV POTA&$UIM uvaiiteixtoE: 41\10 ~ Ht.. '°' WA'ftR Wtl&: A.OOt.ll TO M'AIE 
• tOf 1401..ES fW 'fHE: Pe'l".A.$, fi;f~ SA\.'r OP' 'T'KC: ,.l$N(l•UT~{t$ td~D .071 •OL£ or 
~l(¢e,$$ "OllW•.ACtOt. Tttt £~tl!Tfl~O:J$ U$&:& Wt'lU: Of $tUNV Pt.Al' tNVM. THE AltOOE 
eit111Q .. J'1UN $till'f Qt Pl.A1'HH1I~ 'Qll.. AMU 'fff;t tATHODe A 1122 Pti.i,41'lNUM wuu:, 
aotH: &Uti$ -$(PAR4l'~i) ,., 4 $H'Z('f' or M!f'f..Aft tH$Ut..A'r (0th THE: ~o:t.t•$£ F'OR THE 
1u::•tfH.IM WA$ 3~ 1 'fO.l.'re. 'rl'fl fttASO,. "fH~f 1. 7 vet.TS WAS tt.OT UStl) WA$ t'lii\T 
T•.e ft&$l$TA~Ct Of 1'8£ $0t.f.frt1Jfl, WAS N~Alt\'f 3•0 ~ t04 ()MM$. toa TtH$ 
8EA$0N Yfft CURIP!itt ~<>•ntt TNAOU<llt t,Wt $Y$f£M W~S' NOT tUGM "-UOUGlf to MAXE 
Tflt $!JN Hi ,.. ftUIOUtd)t.« AMOUfilT .. TfMt::.. TMS: VQl..TA~t v~ ev AN OROIN4a~ 
!h:.••&~t>iautK 6-v<>t;r e•• eATTt~v. TMt as.act •ott ~•xrv.Rt .,,. ou1ui0Ut>n:>tn 
e,v A COLP Wt.tf:R JAeittT ~NI) WA& li'.t.tctaot.v:n:a rem 43¢ HOURS. Al 'rttE tNO 
:().$1' 'lfltf:S TH.!£ •• \.)Qlff' Yfl:t,.UW Of 11. l'tAO YOfl;ttO: ON: ltltl l'OP OF ni:t t\£4t1'tnG 
$·Q.\.UHON. Tfflt Qil.. llAI CQf..t.f:(,.l!I) ANO ANALY1€D· DY V~PQA'•J"NASt <::KROMO• 
1'0t~A'Pff"Y,',., "fttt C,9\.,UMN V.$£0 WA$ 411 "A'1 COLUMN \lHPlR TKE I.AMP.! COlitOITl()t(S 
A.$ THlt >f,QKO, ... t:ntR$ -'AO S!tN ~\it~.. A PAT'Ufflll $1MH. ... A.R TO llil NALOKATf! 












HALF•tSTER WA.$ elYEN Of'iP',. 9\,IT ,$f~C£ tHt CQUJM:N tom.o NOf EJE tJ$EO AT TtMP£fU,• 
'fQ~~$ AhVE: t8o()¢,, TMe: SU8$'t.Ntt kAO to et ,AllA\.YZtQ Hl A COLUMN OWN!O SY 
' 
T1'*£ Sciit:l!fE<:rAo' ¢t1tMtc•t.. Co•P•Nv. THE AN4t.."ftA,.toNs wtR~ ~ot e·v 
/!I '' 
fttt ORGAlillC tOLYiNT (1$£.b tN 'Ott $£(;0Ntt RUt4- 'WAS P¥t:UtHN$. lN 1'lHS RUN1 
1~15 OM$., (·.04, ¥4<.\U::&) Qf.' M()lifO""t'flifV'- rlL\J.'fAflr4T~ Alto 5.85 ~M$. f ~o45 M()l..,E:S) 
' ' ' 
or t.:Ot1o•ert-uv1.. MAt.ONATt ~e:Rt: cc:ucrutte:t> ~. tK e.,30 GMS. ( .o44 ~0u .. s} or 
Pt)t'A$~Hf;M HVO~QJ.t.Qt TO MAKI: UP tflt Rrt.M:no• R\XTWu:.. tH£:H 20 Mt.~ Qf 
·PVf'.U OUtf& ' Qf,.VtN.'f W'AI ~rn:HtD AlU) ttit Mtx'tUR« S1' UU~EO $i;t()Ae; £\.£C"rRQ't. \'U.filQ .• 
fttt l4111'ill1~ 1'4$ lOtt&Ul0$¢'tiH~OU$,. Tit& J.PPMU"f,. Ult:C 1:$ $MOWN 1N ftGUfft B. 
T-RE ·~\£C::tltc>f>!$ Ul&C Hl 'rfH$ P4l't or tttt IUIN 'Wlll1t tfft ARE •s ll£fotn. Tht 
V'Oll.1'.4t& Qt4C£ •14fll ""$$ET A1'3;7 YQ:l;.TS $lCA{IS.t or atSf.$1'4~er PJtOBt..EM$~ 
l'BIRt w11s,., ltOWtftl't, l!:O ~ttR e•t• to eooi. tat ~t'4CT.'NTI. AS $(f'<>Rt.. THt 
t·l..t'C1'~0'LY!H' !tAN' 100 tt\ s, At 'l'tt.C. ENO or TtlA'f '1 l!t£ THe C'NT HU': ·GOLU.'r I OH 
WAI P'Ul ·~ 200 -..,. or 114Tf: . ~t!U). $;i..'O\tl.Y ACH)1ru:o WIT» ll2 .. 5 ML. Of' 14.M HC1 
lo A Pff or t,. TM t$ WAS re ALf..0111 t'K£ ?YR f D l N£: ¢ftt.Ot0 DC 1'0 SEl'tt.£ OUT• 
tattt 't:tlE s~~V.TH>ff W44 WASHED 'WtTM tttRti: 30 Ml..·w 41:.UllifOT$ OF' ETHER. Ttt£ 
C'tl'tfii,R WA 'W'AStfttQ Yn'N' eot..o (o0c) WA'J'(~ AtlP tttCNi £Y.APOR4Tf!I) V•U>tR Tift 
MOOf). A,Tt:R EVAP.O&•noN WAI coMPt.£1"'• A CAI'• Y&L.t.,ow Oft. ROIMN&O tN: TIU: 
tiflltt.. TtU$ $ln3$TAt.tCE w•s COl.t.ttTEI:> '" A SMAt.t.. VtAt.. ANO GUaJiCTEP TO 
.. 
Ttii PRO:t)U(,'f& rol'iMEt> rAOM t)U$ ~t..£C't~O'-Y&t$ A.a£, tN 4 ~ANNtR OF' SP.tAili• 
fNG,. PRt\:l:>l(f'Mt.e:i. 'fo a£ m;t!l!1 'tKE PIU)D~Ct.S TMlT ARE l,J$1JAL.t.V f01'0~~0 A-Rt or 
~ WU)~ VAlUt'f¥~ Tl.R,fNG 'ftlt (QLt..O\fOIG REACT H)NS ·A$ 1tt£ MOST PROS.M~ltt fff.£: 
tttAID~ CAN ~tt!! £Xj~"f\.'f WAT $~,QUl,t> f'Olt.,.": , 
· StT a 
IN $t1 A1 lfli£ POt.SSttlM $ALT f$ FO~Mltl) t.tA\#1 G Tfft: lll•t>tCA\. ~.\NOR' 
R~~~ettVl!t.~" '"" $£'r a, Tffl t)EtAABOl(Yl."TH)~ or 'l'Kttt RA.D•tAt,.$ t.E'..AV£ R. 
a. R· + ffaO ROlt ""' H• ~ .. "" .... "" C2~-CMa•OH 
3. R'-- +Natl ~ R10H + M• ---··* CaH50QC .... {C:H~)3....off 
4. R· + Jl• te»sOOC<We~<QGCif5 
CRH5QOC•(Ctt2) 3 ..iCGOCaW, 
Cflf500C..CHe""(eKe)' •COOCafl; 
('»!' TKt PR()t)Uf.'fl .:6tte:t)~ M\ifM$ei:ftS l •MO 3 fZ4'N ON\...Y 9~ tOf»IED fAO~ TW' 
A'Q\lltQU$ Mi.f>t4<l Tft( RG:•enott ft {·tt~, PQC$ lr!IQ:l' OCCJJ~ $UiC6: 'TtttRt .t'i .. 0 
AOJAC~~' •Ctte• iftOU.~ •v••~•&~~ roa bi.HY~RATtOW OH THt MA~ONAT& tow. Tat 
PRQO'\)¢,f.$ Cf' !ftl£$t'. .ff£.A(;T'J011($ .lRE t.1$T£1) tt.OW 'W11'U TffEll eou.JNG f.'Q(Nt~. 
BP~ 114-0C 
P. t6o0c 
3!1: £Tft'ft.• J-K¥DR.C)k'f f,H.fl"l'iY~A'tt eP,.. t 160 •11f"'C/8MN., 
4. f!H~tTHVti. 
1$\#CC t NA t~ .,,.,., at19c , ... IH•~ttt-Yt.. $U$f.'.R~'r~ ·~· a8~0t 6. .t).f.1!!f•ntf¥1,. t;t,)fPAt\: $P,. 239° ... 24o~c 
As MJUl'OGl(~O· PfitVlQt1$t.t 1H'lt ~ UfftcHOWtUS write: 1Ullll ON • VAPOfl•PM.\$t 
~QMA.TOGRAPth Y.t t~St"M.QlT U.$&:0 VAS .._t.l , .• f)l;D M $cf ENT Hl' ¥ C CQMPANY MoOEt. 
1ao w.f'ttJ O~.lt.. 'f;Of..V~$ ·~f> Alli Ttn:eMAL,; CC)tKJucr1vfl'fY 0£CltCTO:R. TN.t COlUMN 
l.T$t\,r W•S - tto:w:t f'90l,. t..®..,..t.OfliCeU eO.t;.UM»., tr w• P4CKee VltR 0~5~ 
¢'£to,.,nt$E &$tUt {i9 ON A ()Q • 8o t;tt:T$w Ctto~SOR$ V., TK't. eM~fltER ~S WA$ 
lt¢t.h.m flti.GWfNG. ~' 1'14$ aA.Te Of' J.i.o 1$C,./titH.. twt 'tGf,..UNtf 1'E!MPtR•Tva£ w•s 
' . . . 0 . . 
•·•01M&•MAt.,L¥ ~ati:> ,.,. 100 c. Tttl o£1'~et~ te.Mi>e.a•rUllt W•$ 280°c •$ me:: 
. Q . . ' .... ' . . ' ' - ' 
U!<.Ul:C'ttO• f'>ORT W.4$ 290 c. tH~ GIHO:tF, Powie··w4s $£T Al' 150 Mfl.{.IAHPEHS11 
T•• $.MP\,:E eutt FQR T.,t Ut<JQ.<>VM: $U&$T.:tua:$ 'Wtni;: 'l'-'• tHt S4MPt.£ s1.tt:$ 
PM ta&· ~o•PAa.• a<>~ £$TtRs "'tat 11ar1 .. 
lsu $AMP'i.C.S- or Tffi.- ti(~QWN E.Sit4$ \IQE.. BUN , tR T.. AT 2 t.tOtUTt 
tn•~tttvr;. succ. rn.ut 'JAM~ <WF .,n-u 73 ~ l •tTtt)IOAttoN. AT 5* MltfUTE.s 
O.t•f!f,H'¥~ Atil~4Tt ¢4Mtt "'' WUJi 23 ~ , ATTtNVAT'f()N. SAMPl..E 11~ 'fftt 4QU-tOJiA 
Uk~ .. '0\rlM-- SfttOWS-0 &OQb StGH.0- Gt tltt Ql.,.i'rK"tU. SA1C.CtN4tt A1 2 MUH;.tff:S, MOWEV~t 
Tttf!. ,Df..-tTi:tYf;. 'OtP-A.f~ t.ltO lllO'f :$ttGW' ~P. . htSTltii'O· •. PtA:Ki AT 4t""5 MtNUTtS 
APPU>Ali!O CON$1$Tt-NTLV' tt4 At..t. "Uf.t O'flitR H\»>lS,,. A" Qi+fD&:tlf'ftrutu.e: PEAK .,. 
~ j.f•1·H.vTtS Wl.$' PftlE$ttfl' ~1' Tff!ii P'HU~T 'QUW ht WAI NOT itt'PROQU( •ei..t, 
SA!MPU: /12,: THI!: Pl'R'ID1UE' UWI(NO~, 'Stt<)'fl[t) RtPM~uetau: l)J•tnrt-. SUCCtNA~E. 
~¢8Ut,.1"4J 4NO- mt<:£' •CAUi TMt f>g~t< AT~""' M'tffttt!tl WA$' EVtOi:'.Nl,. IN i.!Ql'M 
S~'MP~ES,. tNtTtAL.. PEAK& QtCUi\Rtt> A.•.MOSt AS StoN IS l'He SlMPl.tS Wt~£ 
tn.ttCt£1). fit£tt W·tf't P~O~~tJt.Y rJVE 'rO SMAti,.l A1't0U.N1'$ OF Aftl ANO w•tta. 
Of,,.i.THY.t. AtHP,1"1! ~y tl.\Vti B£ti;N $"0A~EO TO • -C:R£ATEU ltXT"ttNl't GUT t¥£N TlftS 
$!JS$T.NCf.; WA$ NOT AP1'4ftiflll"'"' 8\! f'A'R1 l1.U:'. 41U.\Tf:St P'IJOOIJtT f'ORMEO WAS "rHt 
t'OR~f l'f SlJO\IU) '40Vt TtU'tOJ,JGM fltti f!Qt.UTtO)f Mt>Cli ).10fU? QUJtKlV TM4ft 1'HE 
<U,;UTAR'ATC ,tort.. Ttus Mt•~$ Tt1A1' MOil£ otcARttoxvL.Attt MAt...Ol'fite: ttAoteAl.. 
.t,lf! ,OR~t) A,i~I) liA'Vlf: • SE'tf1tff ~HANO£: 't() tltM~nc.- ONE CAN $££ THA'J Tff£ 
ft .,.. R t'/Pe ot coMB.i~1•0N WQ\Jf..O ae: 1'KE: t>«o.•1 PlttV')\>t.E'.N1\• tkt 9...,n• t.tss 
P!ltVAt..G:tiT, AH~ l'W( fP···fr TY.Pt tHa !:.£AST PRtVAf..E~cT <;>; A.U,. l'tn: PUf(S 'tHA't 
H.A(I COM¢ Of'·f AT 4, ... , Ml111\ll'E$ wts:lt $UPPQ.$EI) l'Q as :utttlt:#I VN~i:f.CTtO MONO• 
Ct:M"ll,. M~t.ON~T( Oil t4()ffl)•ET1*¥t.. Gt.1JT•tt~t·a, cg $Ofiift o.r· 'tKt Q• ... H,. R...00, AND 
R•...oH. lJPQN (OMPAIH'NQ VALVES tQJI 'fl.ill: $()lt,OlG P<Hfi.t$ OV Tli& MONO•E'.THYI,. 
IS'tt:Jrt, tffltY W£Rl f'OUNO to ett 
l. MONQ•t:ftl!f..t,. MALOM4'rf! SP,, 145°c 
2-. MONQ'!"i;; THYL <Ul.Vl' 4lt4 Tf; &P. 165°c 
. I 
. i 
' ,. ~ .. , 
fttUi ~y 1 D~l!l~'t $t.JQG't$'t$ TttA,. Tlf!l 4i tclti-'tt. P(A~ COUl.O e~ TKt ·(;'-UTARAfE 
Af;ll) Rtd.f' ... t;&t~. Sutctt 'ttta MA't..~.tlrt ft4LF1'!o'C8Til- f$ t40Rtt $0t.,.UAB\.£ ... WA'f£ff TH~H 
Tift $l,,"STl;ltA-'ft. ti'j\. ...... t$'rf:$1 1itfZ <H.L FOR•Eo ev TMt tt..ttcTa&l. Y$f' WOtlJ.,Q tfE 
'400 t..tt(~Y tt> 'tAtU!: UP' fltfi MO._Q .... l::Tl!t~ $t."1":ARJTE: KCAllS£ CF t.T$ MOat 
~t.tPMAY•~ NA"UfR:S:. t'IHI WOVU> At..$0 DPPOltT Ttfcl PRP/t.OU$ IUPP0$J'TtON THAT 
1'Kt R' .... 1 FORMAtrQN wui..o ee ~- .... ltt ... v. 0 t <;AK t1ett.Y $,E£, TWAT Tit£ MQflE 
UN.&£Artao Gt.U1'~1UC AC fl,) tt:AV'•t$lt::ft TAKEH UP WOUt.b \,t,\Wl l'l44T .-uc• -.i 
tN Tlle ftf;AC1.tN$ Mfllf'Ull~) ••eN WO(U,, .. 'I) t.1;$$ttit 1'NC i'OftU.Tf OW ot R*•R' £¥\!:ff 
,Uit'tWtR. 
Tftt fM'.A$0N Tli ... 1' tH£R£ JS AN t1 HIVtRSJOtl11 fN OllOEft OT £1..£tTR¢N$ vus~ 
.OROJ:.R 'QF lJOl\.tN~ PQUIT$ IN nus YA>PO~ t~ttC1tONATJOW ,f'S $UP.fla'!t:OLY U£t•u•t. 
Of Nl'PftQ~tW OONDl~(i rn ·rtt.¢ .... owo...tTHYt. 1a-t.ut•n.AT!i:1 .'W.flttREA~ 1N Pl•ETHYt,. 
SUG(;tHATE$ rt.l,ff;r tSW:1T ~¥ OJlPOR'tUt'U'fY Fen 1'lHS ro f,).CC\Ut. 
' •\ 
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